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(57) Abstract 

To avoid burn in a scanning cathode ray tube the address of the scanning spot at each clock period is recorded in a memo- 
ry (30), During each frame period, the logarithms of the number of occurrences of each address are fed to a peak detector (40). 
The peak value is used to determine a maximum allowable beam current for the next frame period. In another embodiment the 
number of occurrences of each address during a line period is monitored and if this number exceeds a given number the CRT is 
blanked. 
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PROTECTION OF CATHODE RAY TUBES 
FIELD OF THE INVENTION 

This invention relates to cathode ray tubes; particularly but 
not exclusively, to high power cathode ray tubes used for 
scanning an image. One example of such a CRT is that used in 
a flying spot telecine in which a film is sequentially scanned 
by a scanning raster produced by the deflection coils of the 
CRT. 

BACKGROUND TO THE INVENTION 

A problem with flying spot telecines and cathode ray tubes in 
general is burn. This is caused by the flying spot moving too 
slowly or stopping altogether at a point on the CRT face. The 
result is that the phosphor on the screen at this point is 
burnt which seriously degrades the response of that part of 
the screen. 

We have appreciated that there are a number of types of fault 
or operating conditions which could lead to phosphur burn and 
which it would be desirable to protect against in high power 
cathode ray tubes such as telecine flying spot scanners. 

A first situation occurs where there is a high concentration 
of beam energy on a single spot or scan location for a very 
short time; that is a few microseconds. A second situation is 
where there is a high concentration of beam energy in certain 
areas over longer periods of time; that is, a few 
milliseconds. 
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SUMMARY OF THE INVENTION 

The present invention in its various aspects aims to identify 
situations where burn might occur and to take action to 
prevent damage to the CRT face. 

In one aspect, the invention monitors the frequency with which 
a given scan address or scan area is addressed during a scan 
line and takes action if this exceeds a maximum value. In 
another aspect the beam current is set according to the 
frequency with which areas are addressed during a frame. 

The invention is defined by the claims to which reference 
should be made. 

The first burn condition mentioned above is likely to be 
caused by a fault condition where the line scan stops, but 
could also be caused by particular scan effects which slow the 
spot or cause it repeatedly to traverse a given scan address. 
With an EHT voltage of 25KV and a beam current of 300uA, i.e. 
a power of 7.5 watts, it has been shown that damage will occur 
if the tube has not been blanked within 20uS. 

The second condition could happen due to a fault where the 
frame scan collapses but the line scan still runs. ' In this 
case the beam current can remain on for a few frames before 
damage is likely. 100-200 ms is the maximum time the beam 
can continue for before burn damage occurs. The second 
situation can also arise in a continuous motion telecine where 
the film is being run at a particular range of speeds where 
the film motion is equal or approximately equal to the frame 
scan; this is equivalent to a frame collapse. This is 
permissible if the applicants burn reducing system known as 
SCANTRACK (TM) is operating but if it were to fail, or the 
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user were to disable the SCANTRACK burn reduction system then 
protection is required with 100-200 ms. The SCANTRACK burn 
reduction system reduces burn in continuous motion telecines 
in which the same area of the CRT faceplate would usually be 
scanned by the raster. Instead, the raster is slowly moved up 
and down the CRT face to reduce exposure to the raster at any 
one location* The movement is compensated for by the servo 
system and the raster moves with a period of about 2 minutes 
in the vertical scan direction. 

Large concentrations of beam energy which could lead to burn 
if not controlled can be produced by the use of scan effects. 
The nature of the concentration is unpredictable but falls in 
two categories. 

The first is similar to a line collapse or partial collapse 
where the spot stops moving .or slows down below a safe 
velocity for part of the line. This must be protected against 
within a few uS, preferably 2uS. 

The second category is similar to a frame collapse where parts 
of the tube face are being scanned many times. This 
condition, like the second condition described above is 
permissible if SCANTRACK (TM) is operating but the user may 
disable scant rack. Moreover, SCANTRACK (TM) does not operate 
when the film is stationary. 

In a preferred embodiment of the invention the first condition 
whether caused by equipment malfunction or scan effects is 
avoided by a system in which the number of times a given 
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horizontal scan location is addressed during a line duration 
is measured, and, if it exceeds fifteen the CRT is blanked. 
Preferably, if the horizontal (X) address exceeds fifteen the 
vertical address is then monitored and tube blanking is 
performed only if both exceed the safe level. 

The second condition, whether produced by equipment 
malfunction or by scan effects, may be avoided by the system 
of a further preferred embodiment in which the number of times 
a given scan area, defined by the most significant bits of the 
X and Y scan co-ordinates is addressed, is measured. This 
measurement is used to determine the maximum allowable beam 
current for that area. 

BRIEF DESC RIPTION OF DRAWTMttS 

Embodiments of the invention will now be described, by way of 
example, with reference to the accompanying drawings, in 
which: 

Figure 1 shows, in block form, how the X and Y coils of a CRT 
are controlled; 

Figure 2 shows a first embodiment of the invention for 
avoiding burn caused by excessive beam energy over a short 
time period; and 

Figure 3 shows a second embodiment of the invention for 
avoiding burn caused by excessive beam energy over a longer 
period. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

The block diagram shown in figure 1 is of the applicant's URSA 
flying spot telecine scanning system. Line and frame counts 
are provided to a digital effects processor 10 from counters 
8. The output of the digital effects processor is a series of 
digital X and Y address XD and YD. 

The signal XD and YD are each passed through low resolution 8 
bit D to A convertors 12 to produce horizontal and vertical 
voltage signals HV and YV and through 16 bit D to A convertors 
14 to provide inputs to current feedback control amplifiers 16 
which control the X deflection and Y deflection coil currents 
XI and YI. 

The tube burn protection to be described, is derived from the 
digital signals XD and YD. This means that there is no 
protection for the D to A convertors and the power amplifiers. 
However, by using the separate low resolution (8 bit) D to A 
convertors 12 and comparing the outputs XV, YV of these with * 
the deflection coil currents XI, YI, faults in the high 
resolution 16 bit D to A convertors 14 can be detected easily 
using a few comparators only (not shown). 

Figure 2 shows a circuit which can monitor the spatial beam 
energy over a short time scale, i.e. one scan line. If the 
concentration of energy exceeds a safe level due to low or 
zero scanning velocity, action must be taken within 2 uS to 
prevent burn of the CRT phosphor. 

The 16 bit digital X signal XD from the digital effects 
processor 10 in figure 1 is used to monitor the dwell time of 
the spot. The 10 most significant bits of the signal form 
address inputs AO to A9 of RAM 20 on the write cycle of the 
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RAM 20, which is controlled by state of read/write pin WE. 

The four bit output 00 to 03 of the memory location addressed 

by the 10 most significant bits of the digital X signal (XD 

15:6) is placed on data inputs DO to D3 of latch 22. On 

clocking the latch these data are placed on the AO to A3 * 

inputs of adder 24. Inputs Bl to B3 and carry CO of the adder 

are tied low and input B0 is held high except when the cathode 

ray tube is being blanked. Thus, unless tube blanking occurs, 

the four bit number held at the addressed location in RAM 20 

is incremented by one. The new value from the adder is placed 

on outputs SO to S3 and fed back to the data inputs of RAM 20 

which reads the new four bit number on the next read cycle. 

In the case where the addressed location holds 1111 the 
addition of a further 1 will cause a carry to be placed on 
carry output C4 of the adder 24. This indicates that this is 
the sixteenth time the memory location has been addressed 
during the particular line scan and that the spot is either 
stationary or moving too slowly for safety. The tube must be 
blanked immediately unless the spot is moving fast enough in 
the Y axis for there to be no risk of burn. 

An identical circuit is provided to monitor the digital YD 
circuit and this is indicated in block form at 26. The 
outputs of adder 24 and the respective YD adder of circuit 26 
form the inputs of NAND gate 30. When both inputs are high 
gate 30 will give a low output which will immediately trigger 
the tube blanking. 

The reset pins of the horizontal XD and vertical YD RAMS are 

both tied to the line drive so that each is reset at the end 

of each line. In addition, as there is no need for any % 

remedial action to be taken during tube blanking the BO input 

of the respective adders is tied to a tube blanking signal. 
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Thus, when tube blanking occurs the locations will not be 
incremented when they are addressed. 

Figure 3 shows a circuit which gives longer term protection 
against CRT burn; that is the spatial beam energy is monitored 
over the whole frame and action is taken if the number of 
times any particular part of the CRT face is re-scanned 
exceeds a safe level. This level is dependent on whether 
SCANTRACK (TM) is operational and also on the beam current 
setting. In the latter case the higher the beam current the 
lower the acceptable number of re-scans during any given 
frame. The circuit protects the CRT by taking action during 
the next frame, either by turning the beam current off or by 
reducing the current to a safe level. 

In Figure 3, the 8 most significant bits of the digital X and 
Y addresses (XD 15:8 and YD 15:8) are fed to the address bus 
of a 64K sixteen bit word RAM 30 via a counter 32 held in 
preset mode. The counter serves to assemble the XD and YD 
inputs into the correct format for the address bit of memory 
30; the 8 bit XD input being placed onto inputs P0 to P7 of 
counter 32 and the 8 bit YD input being placed on input P8 to 
P15. 

Each time a given memory location of RAM 30 is addressed, the 
16 bit word held at that address is placed on the A input of 
16 bit adder 34 and is added with the B inputs which comprise 
15 bits held low and a logical 1 on the least significant bit 
BO. Thus, the data is incremented by 1. The new data is fed 
back to the memory 30 and stored at the respective location on 
the next write cycle. 
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The combination of counter 32 , RAM 30 and adder 34 gives a 
measure of how many times a given area of CRT phosphor has 
been scanned during one frame. At the end of the frame, 
during blanking, the memory is cleared. However, the blanking 
interval is not long enough for the memory to be cleared 
completely and so a second identical circuit 30B, 32B and 34B 
is provided which performs exactly the same function as the 
circuit described while that circuit is being cleared. 
Similarly, circuit B is cleared while circuit A is operating. 
In both circuits clearing of the RAMs is performed by cycling 
the address with the counter 32 and writing zeros from the 
cleared 16 bit adder. 

The output of the operational 16 bit adder is fed to a 16 to 4 
line priority encoder 36, 36B which forms a 4 bit log signal 
of the spatial concentration of the tube energy. The encoders 
are provided with output enables to allow multiplexing between 
the two circuits. Encoder 36A is enabled by a select A signal 
and encoder 36B is enabled by a select B signal. 

As a two-fold increase in spatial concentration will only 
increment the four bit output of the encoder by one, a large 
dynamic range of tube energy concentration can be handled with 
just four bits of data. 

The output of the selected priority encoder is fed to a peak 
detector 38. The peak concentration during the current frame 
is output as a four bit signal to a decode and latch circuit 
40. This peak value is used for the next frame and, along 
with a signal from a scantrack detection circuit, is latched 
to form a signal representative of the maximum permissible 
beam current. This maximum current, I Beam Max forms the four 
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bit data input to a PROM 42 whose address is an 8 bit beam 
control signal. The 8 bit output of the PROM is the actual 
beam current although a trip output is provided which shuts 
the tube down i.e. the energy concentration is made too high. 

Thus the embodiments described provide control of the flying 
spot beam to prevent burn at two levels. Firstly , within a 
short time scale such as one scan line a circuit is provided 
which allows the tube blanking to be enabled very quickly 
(within 2 uS) if the spot is travelling too slowly or is 
stationary. 

Secondly, the spatial concentration of energy over the CRT 
face during each frame is monitored so that, if necessary, the 
beam current can be reduced or, in extreme cases, the tube 
shut down. The latter circuit is not required to take action 
so quickly and will react one frame after the excessive energy 
concentrations are measured; that is within the 100-200 mS 
necessary to prevent damage. 

The embodiments described above are examples only and other 
implementations of the invention are possible. In the circuit 
of figure 3 the need for two RAMs operating alternately can be 
avoided if a RAM is used which can be cleared completely 
during the blanking interval. Such a memory function is 
available using an ITD 7165 (S55) 8K x 8RAM. As this device 
has a reset pin, adder 34 is no longer necessary and may be 
replaced by a 16 bit counter. 
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CLAIMS 

1. Apparatus for regulating a cathode ray tube (CRT) scanner 
to avoid burn, comprising means for generating horizonal and 
vertical digital addresses for each location scanned by the 
CRT spot, means for monitoring a measure of the duration for 
which each location or group of locations is addressed during 
a given period, and means for altering the energy 
concentration of the spot in accordance with the number of 
times a location or group of locations is addressed during the 
given period. 

2. Apparatus according to claim 1, wherein the altering 
means comprises means for blanking the CRT when the measure of 
the duration for which a given location is addressed exceeds a 
predetermined maximum value. 

3. Apparatus according to claim 2, wherein the monitoring 
means comprises a random access memory having at least n 
address inputs where 2~-l is greater or equal to the number of 
horizontal or vertical addresses, and means for incrementing a 
value stored at each address each time the address is put on 
the address bus. 
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4. Apparatus according to claim 3 wherein the signal 
generating means comprises means arranged to add to the stored 
value of a memory location when that location is addressed an 
incremental value to form a new value, to write the new value 
at the memory location and to generate the said signal as a 
carry signal when the new value exceeds a given value. 

5. Apparatus according to claim 4, wherein the said signal 
is generated when a location is addressed for the sixteenth 
time during the given period. 

6. Apparatus according to claim 2 to 5, wherein the 
monitoring means monitors the number of times one of the 
horizontal or vertical coordinates of a location is addressed 
and includes first signal generation means for generating a 
signal when the one coordinate is addressed more than a given 
number of times during said given period, the apparatus 
further comprising means for monitoring the number of times 
the other of the horizontal and vertical coordinates is 
addressed, and second signal generation means for generating a 
signal when the other coordinates is addressed more than a 
given number of times during said given period, and wherein 
the means for blanking the CRT is operated when both the fist 
and second signal generation means generate said signals. 

7. Apparatus according to any preceding claim wherein the 
given period is substantially equal to the time taken to scan 
one line. 

8. Apparatus according to claim 1, wherein the monitoring 
means monitoring comprises a random access memory the 
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locations of which are addressed by digital words representing 
areas of the CRT face, and means for incrementing the value 
stored at each location each time the respective area is 
addressed. 

9. Apparatus according to claim 8, wherein the means for 
altering the energy concentration of the spot comprises means 
for determining a peak value of the energy concentration 
during the given period, means for determining the maximum 
permissible beam current from the peak value and means for 
varying the beam current for the next given period if the 
actual beam current is greater than the maximum permissible 
beam period. 

10. Apparatus according to claim 9 wherein the means for 
determining the peak value of the energy concentration 
comprises means for taking the logarithms of the contents of 
the locations of the memory and means for determining the peak 
value from the logarithmic values. 

11. Apparatus according to claims 8, 9 or 10, comprising 
means for clearing the memory at the end of each given period, 
the clearing means comprising means for clearing the adder to 
hold a zero output and means for writing the zero output of 
the adder sequentially into each location of the memory. 

12. Apparatus according to claim 11, comprising a further 
random access memory, adder and writing means for monitoring 
the number of times each location or group of locations is 
addressed which the previous means is cleared. 

13. Apparatus according to any of claims 1 or 8 to 12 wherein » 
said period is a frame period. 
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14. Apparatus according to any preceding claim r wherein the 
measure of the duration for which each location or group of 
locations is addressed is a measure of the number of times a 
location or group of locations is addressed. 

15. Apparatus for regulating a cathode ray tube (C.R.T.) 
scanner to avoid burn, comprising means for generating a set 
of digital addresses for each location scanned by the C.R.T. 
spot, means for recording a measure of the duration for which 
each location or group of locations is addressed by the 
address generation means during a given period and means for 
blanking the C.R.T. if the number of times a location or group 
of locations is addressed exceeds a predetermined allowable 
number. 

16. Apparatus for regulating a cathode ray tube (C.R.T.) 
scanner to avoid phosphur burn, comprising means for 
generating a set of digital addresses for each location to be 
scanned by the C.R.T., scanning means for scanning the face of 
the C.R.T. in accordance with the set of addresses generated, 
scanning addresses being supplied to the scanning means at a 
predetermined frequency, means for monitoring the number of 
times a given scan location or group of locations is addressed 
during a given scanning interval, and means for adjusting the 
power of the scanning spot for the next scanning interval in 
accordance with a function of duration for which any given 
location or group of locations was addressed during the said 
given scanning interval. 



SL : B5TiTU7E SHEET 



WO 91/11879 



PCT/GB90/01768 



10 



LINE & 

FRAME 

COUNTERS 



LINE 



FRAME 



DIGITAL 
EFFECTS 
PROCESSOR 



14 



CURRENT FEEDBACK 
POWER AMPLIFIERS 



16-BIT DAC 



12 



8 -BIT DAC(^-XV [_ 
». XD 



16-BIT DAC 



14 



8 BIT DACf-*" YV C 
7 -— 



12 



7* 




/7a/ 



22 



24 



20. 



xDdsie)- 1 



00 
01 
02 
03 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 



00 
01 
02 
03 



CS WE 
OE RS 



LT 



w 



LINE DRIVE- 



00 
01 
02 
03 
04 
05 
06 
07 
CP 



00 
01 
02 
03 
04 
05 
06 
07 



OE 



CLOCK 



TUBE BLANKING' 



YD(15:6) 



FiG.2 




AO 




A1 


50 


A2 


51 


A3 


52 


BO 


53 


B1 




B2 




B3 


C4 


C8 





YD MONITOR C 4 








26 



TUBE 

BLANKING 



WO 91/11879 



PCT/GB90/01768 










o 




Q£ 






O 


CO 




1— 




o 


o 










co 








UIUI 


Q- 


ST 





<: 
o 

CO 



CO 
Ul^ 
CD 



00 



Of 

is 

I— 



* ro (Zq, 

CD Ct^O LU 

^ R oo o 



o 
a. 



o 



vo 











O 




o 


* • 

CO 


'LU 


vn 


LOG 










1 







i -Jtn 



o 
■ • 
m 



ct: 

UJ 

o 



CE 



o 



o o 3 

• • ■ • 

tn vn 

<£ a? o 



o 
o 



— ui< 



o 

CM 



o 



2 



-CD 



CD 



OlxJO 
COID-- 
I _Juo 

£g3 



CO 

CO 









z 




o 




LU 




• • 








UO 




§5 


Ul 


^ — 






O 






ct: 




CO 




<c 






LU 
1 








O 




o 


o 




CD 




■ • 




VO 


tn 




o 




* — 










§ 




5 


m 





^ O to LU 

o »— 

w O VO 

<: 



on 



i 



o 

CO 



o 
o 
<z 



en 
< 



o 

CM 













O 


to 


LU 


o 

• • 


tn 




1— 


tn 




^5 


D£ 




o 








vo 











o 

CO 



o H-Oi LU 

«-* CO «LU CO 

© ui eotr ^ LaJ 

tn 2 O DC 

r*. w ^OD O Q- 

w © w «-© -J 

CU Q- O O 



T J7 

GO CO 

tn 



co 



OS 
Qu 



O 

to 



cO 

*0 



tn 



O 













1— 




o 




f— or 




LU 




• ■ 


CO 


~LU 




CO 


o 


tn 


• • 


CDh- 




UJ 


■ • 




tn 


Z 


O 


DC 








VOID 


o 


a. 


w 


O 




*-o 


-J 








Q. 


O 


o 












l_ 




CO 




CO 








■ • 




• • 




—J 




tn 




vn 




o 

















CO 
LU 

or 

CL- 



OD 



6 £ 



